Redox activation of galactose oxidase: thin-layer electrochemical study.
The redox activation of galactose oxidase by various oxidants is characterized by using a unique thin-layer electrochemical cell. Activation is shown to be strictly a redox process and can be rapidly accomplished by using ferricyanide, cobalt terpyridine or tetracyanomonophenanthroline ferrate, and a control electrode to control solution potential. This oxidation is a one-electron process and does not result in modified galactose oxidase which exhibits enhanced activity. On the contrary, this oxidation is required for activity. The solution potential dependence of activity is independent of which of these mediator-titrants is used, the concentration used, and which of various substrates is used in the determination. The substrates used were acetol, dihydroxyacetone, glycerin, 2-propyn-1-ol, allyl alcohol, 2-butyne-1,4-diol, furfuryl alcohol, benzyl alcohol, 4-pyridylcarbinol, galactose, and stachyose. The E1/2 and n values obtained are 0.40 +/- 0.005 V vs. SHE and 0.9 +/- 0.1 electron at pH 7.3. E1/2 is defined as the potential at which half the maximal enzymatic activity is observed and probably reflects the E0' of the enzymic group involved in activation. A model is proposed in which activation occurs during turnover due to the redox buffering (by oxidants) of an enzymic Cu(II)/Cu(I) state which has a higher E0' than in resting galactose oxidase. The pH dependence of E1/2 is 60 mV/pH unit in the pH range 6.0-8.0. The data suggest that the deprotonation of an amino acid residue facilitates the one-electron oxidation (activation) of galactose oxidase.